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mTKODUCTIOM 


This  is  a risport  on  Phase  E oi  ths  Fresscro-Hsighi  Prediction 
Project,  it  describee  the  research  concluded  at  Bureau  of  Aeron&uticg 
Project  ABO^A  under  the  Sjpojnaorehip  of  the  Armed  Forces  Special 
Weapons  Project  on  Phase  E of  this  project. 

The  report  is  dl'vfdert  t^re<D  voittmes.  Volume  t contains  a 
brief  summary  of  the  problem  ®.rtd  research  accomplished  to  date#  a 
discussion  o*  imniediatoly  operayonai  procsdurca#  an  outline  of 
the  metoorolo^cal  top.fcs  in  Volume  iS#  «md  of  fuh3,re  plarmisd  rosearcli. 

Volume  n ie  drained  primarily?  for  meteorologists.  It  contains 
a more  complete  and  technical  diacassicn  of  prediction  parameters  and 
technicues.  An  attempt  is  made  to  objectively  describe  the  flow  patterns 
at  500  mb  using  boUi  historical  and  newly  devised  models.  The  synoptic 

n 

•aignificanse  of.  long  waves#  blocking,  geostrophic  wind  proflles  and  their 
relation  to  the  proposed  operational  procedur&s  ara  outlined. 

Volume  III  is  operational  in  nature  and  includes  examples  of  She 
application  of.  the  meteorological  parameters  to  the  forecast  problem. 
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Flsss«  H of  Sfe.e  F-ra^mEre-Height  Prediction  Project  la  aimed  ai 
pro'ridi'flji  f,©cimi«p«s  Ictr  ftijlilling  the  metcoroiogical  reqairemenfe^  of 
i»jg4«ms5»  including  ISsc  prediction  of  t^ical  atenoaj^eric 
Btruete'C^  prevailing  at  ds»igtiat©<i  jstrea'i,  line  pr<xluctits«5.  of  a graph  of 
predicted  preBmur^  altitude  actual  altitude  above  meam  wea  level 

for  deaignatad  areae«  an  estixa&tc  of  ihe  accuracy  of  moteorologicai  prc'- 
dlcfcione  with  ragard  to  the-  «atima.'3sa  standard  deviatlaa  of  prasiwsr*- 
altihide  pr*.dicSten  a function  of  gjeograp^caJ.  I©cat£or»  and  of 
ye&s“^  aisd  tho  mtsigsaituAe  of  orror®  invMved  iiss  tha  selection  of  pressure 
altitudes  dircctSy  frt^jss  graph®  2“«prescsjtativ«  of  numbered  atoos^ercs. 
Tecbaicfue®  for  predicting  prcscare  alSicwsie  at  give?! 
have  been  deveksped  for  vartema  condition©  o?  snsteorcleglcal 


dmta  avsdiamlitjs'  eiKd  operstionai,  procedures,-  The  three  baKic 

oif  sneiaoroiopc&i  data  s.vKiI^^bi)ii.ty  considered  Include: 

%a)  Coiiapiete  data.  sivaiJ^isliity,  <TMs  condition  is  considered  pre«“ 
isent  in  pe&c4^j  ii&nd  iS2?.df?/r  wartime  conditions  If  free  interaaiional 
excliaiige  of  meteorological  olsservatlons  v?a}T^  jnsisit&i.ned). 


(b)  Ho  data  availajiiJLity.  {This  cotidltion  -woidd  be  erscomitered  fej'  **• 
forecast  group  ha\fiiig  no  ansiy?.cd  meteoroiogicml  dataK 


|c)  Parilaj.  data  &-vaiJ.sbility.  VFhm  tx^r.difcion  a^asismea  data  coverage 
over  a portion  of  the  hemissphere  mt*i  absey*ce  of  data  ovar  &e 
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remainder.  It  will  be  encountered  primarily  when  a prediction 
in  required  for  an  area  from  which  no  meteorological  data  is 

received) . 

Under  data  condition  (a)  above,  the  meteorcloglst  will  isrspare 
his  prognostic  charts  for  various  pressure  levels  by  standardized  tech» 
niques  Sii  dally  use.  Pressure-height  computations  are  then  ix»ad«  to 
predict  Uio  pressure  altitude  at  the  appropriate  geometric  height . Th$ 
technique  which  was  particularly  designed  to  facilitate  this  type  of  com- 
putaUon  is  fwHy  described  in  Appendix  A to  the  First  Progress  Beport 
cm  Phase  n of  this  project,  entitled  ”Ue«  of  the  PASTAGEAM  in  Fre»- 
smre -Height  Computations”.  This  has  been  further  dtatributc^d  as 
KAVABB  S0  -iP~501  with  the  aams  title.  It  provides  & meana  for  ob- 
tainisg  accurate  values  of  pressure  altitude  under  Shis  condition  of  data 
availability. 

Usidcr  data  condition  (b)  above*,  a prediction  must  be  based  upon 
ellmatologicaliy  probable  value®.  To  provlciie  cllraaiologlcai  vsluoa  for 
all  poiata!  in  lb;e  nortl»ern  hemiepherni  & complete  sset  cf  normal  pressura- 
alil.lttd€  charts  tor  the  hemisphere  for  each  month  at  tiioueand-foot  levels 
irom  the  a^^rface  lo  10,  GCO  feet  wse  confstructed.  Tlifese  ch&rire  ar®  con- 
tained  &nd  their  use  fuUy  explained  in  Enclossure  I to  the  Second  Frogresa 
E«2^rS;  ox'i  Phase  II  of  this  tasa.  They  have  b«cn  farmer  distributed  &.n 
NA¥AEB  50-iC“§02  entitled  ^’Normal  Pressure -Mtibide  Charts  for  the 
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SCorUsiem  H®mis|d:tex'e‘'.  Theaa  provide  a meems  for  obtaining  th^s  most 
prob&Me  'vidu^a  of  pressuro  altitude  under  conditions  adien  meteoro- 
lo^csil  datm  la  completely  lAoidng.  They  also  provide  a consistency 
check  on  forecasts  prepared  with  complete  or  partial  data  availaMU^. 

Under  data  condition  (c)  above-  the  complete  range  from  normal 
availahtH  ty  to  ^t&l  absence  of  meteorological  data  is  experienced.  It 
Is  on  diis  condi^don  that  the  greatest  research  effort  hM  been  applied. 

For  targets  less  than  SOO  miles  within  a *‘bliod  area^'  (devoid 
of  meteorological  data),  extension  of  procedures  employed  under  con- 
dition (a)  (complete  meteorological  data  available^  are  utilised.  For 
targets  more  tSi»t  SOO  miles  within  a blind  area«  special  techniqiues 
are  required.  These  techniques  provide  a series  of  refinements  to  the 
climatological  predlclion  of  pressure  altitude.  They  are  based  on 
prediction  of  atmoss&eric  circulation  features  involving  larger  areas 
and  longer  Hme  inteivals  than  employed  Sn  conventional  forecasts.. 

When  die  area  without  data  is  large*  the  forecast  must  depend  upon 
large  scale*  slowly  moving  features  of  the  circulation.  These  are  the 
featurec  which  produce  large  and  persistent  anomalies  in  pr^s^re- 
altitude  values.  Hence  the  prediction  schemes  based  on  them  are 
most  siiccesefui  when  the  departure*  from  climatological  values  are 
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Figure  i iPihowB  th&  general  prediction  schen.’.e  under  deU  con- 
dition (c)  where  the  forecast  is  to  be  made  for  a blind  area.  Details 
of  this  procedure  are  contained  in  tiie  main  foody  of  tiue  report. 

In  addition  to  the  prediction  techniques  which  may  be  applied  at 

a meteorological  forecpating  center,  methods  for  obtaining  pressure- 

«sf 

aititude  viilues^levels  from  navigational  parameters,  or  simple  zasteoro- 
logical  obaervafeions,  available  in  the  delivery  aircraft  under  differing 
operationai  procedure®  are  diacussed.  In  particular,  methods  are 
descriSsed  whereby  pressure-altitude  values  may  be  obtairjed  by  person- 
nel in  delivery  aircraft  which,  (a),  appzt>aci!i  at  low  level  and  then  climb 
to  a high  level  from  over  a surface  of  known  height,  and,  (b),  which 
approach  at  h.l|^  level  and  can  determine  l»>th  their  true  and  pressure 
aUltudes  at  flight  level  at  isome  point  during  the  oven  though  far 

removed  from  Qie  target.  The  details  of  procedures  and  results 
of  operational  testa  are  contained  in  Volume  I - Chapter  HI  of  thie 
report. 

Ths  prediction  of  appropriate  numbered  atssosplirsres,  ^xera- 
procedures  invol-ved  in  prediction  techniques  developed  in  the 
snt^AZi  body  of  the  report,  and  the  errors  in  terms  of  tiie  estimated 
standard  deviation  of  pressure -aUltod®  prediction  as  a function  of 
geographic  location  and  time  of  y«ai’  are  discuesedv 
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All  avaiiahle  historical  data  at  500  raiilihars  Coreseure  altitude 
of  3J,  280  feet)  were  pirt>ceaj?eQ  A'ith  ti“je  aid  of  punched  card  machitjiesi. 

A climatology  of  heights  at  S30  snillibarff  v?aa  obtained.  Tabulations 
of  the  frequency  distrifeutloaa  of  heights  and  24-hour  height  chasagee 
were  prep*;Ted  The  noaj»onal  ansi  geographic  mriaSion  in  the  heigSil  of 
thia  isuz'face  is  shown  in  Figure  2.  Figure  3 illustrates  the  range  of 
acitual  heists  at  d&is  presimre  lerei  in  April.  Bampiea  of  the  flpequency 
distributiozue  of  the  height^^.  illustrating  the  geographic  variation  in  the 
shapes  of  the  distributions^  for  January  are  shown  in  Figure  4. 

Figure  5 illustrates  (the  values  of  forecast  error  at  5, 009  feet  > 
over  a portion  of  the  homisi^ere  during  A^xdUl.  l%te  isopleths  of  fore- 
cast error  represent  the  vahieiis  which  will  not  be  exceeded  @8%  of  the 
time.  These  values  shown  for  April  are  Intermediate  between  the 
larger  January  values  and  the  smaller  errors  in  July.  They  approximate 
an  annual  average. 

The  major  portion  of  the  research  effort  applied  to  Phase  n of 
the  Fressure-Helght  Prediction  Pa'oject  was  directed  at  providing  an 
objective  system  for  forecasting  pressure  height  at  the  500-millibar 
level  CIS.  280  feet)f  and  extrapolaling  downwiird,  or  upward,  through 
the  atmosphere  to  any  desired  level. 

Ih  effect,  the  proc^dtires  developed  yield  a prediction  at  the 
500-miIUfosir  level  a5id  require  an  extra|;iOlaUo.n  based  upim  U^e  elope 
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Pl^re  <2).  Seasonal  and  Geographic  Variation  of  500 -mb  Heights 
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^■“igure  {4K  Frequency  DistX'ibutioriS  of  SOO-nab  Heights  18-33  Januai^y  1948-1051 
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Figure  <5).  Forecast  Error  at  5,000  Feet  in  April 
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of  a Mna  that  level  on  a thormodyrtamic  diagx’am,  A set  of 

ohartie  for  this  «xtraj>oiation  under  normal  conditions  Is  contained 
in  Volume  I » Chapter  IV. 

A simultaneous  prediction  of  the  preseure  height  of  the  500- 
millibar  surface  and  at  sea  level  with  intermediate  values  obtained 
throus^  inlerpoiatien  will  prnjvlde  considerably  more  accurate  values 
of  pressure  height  for  the  lower  levels  of  the  abnosphere.  Work  was 
initiated  to  develop  a procedure  for  accor^.plishing  this.  At  the  same 
time  additional  research  was  undertaken  to  increase  the  accuracy  of 
SOO-millibar  prediction«  and  to  investigate  the  role  of  vorticiiy  in  the 
development  of  circulation  features  at  this  level. 

The  Armed  Forces  Special  Weapons  Project  Is  eupporting 
this  continued  research  at  Project  AROWA,  end  under  contract 
through  AROWA  at  the  Aerophysics  Research  Foundation. 
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n,  DISCUSSION 

Because  of  ihe  apparent  increase  in  height  of  the  level  for 
ipdiich  forecaels  may  be  desired*  and  the  availability  of  reliable  data 
on  which  to  beae  the  development  of  an  effective  prediction  technique* 
the  500»mb  preteure  envelope  was  aelected  aa  die  level  at  which 
techniques  for  a basic  prediction  would  be  made„  Further  techniques 
would  then  be  applied  to  compute  die  pressure  hei^t  at  any  prescribed 
altitude^ 

The  basic  data  utilized  in  this  development  has  been  provided 
fay  the  analysed  series  of  500»mb  charts  contained  in  the  Northern 
Hemisphere  Historical  Weather  Maps,  and  the  Daily  Series*  Synoptic 
Weather  Maps*  puhliebed  by  the  U.  S,  Air  Force  and  She  U.  S.  Weather 
Bureau*  respectively. 

Attention  hae  beon  concentrated  on  those  patterns  which  are 
either  readily  recognizable,  or  represent  extreme  values  of  hei^t 
or  24»hour  hei^t  change  in  the  areas  of  interest.  Forecasts  for  the 
remainder  of  cases  not  included  in  the  system  must  then  be  based  on 
the  best  available  climatological  figures. 

The  variability  of  pressure,  or  pressure  altitude,  is  a function 
of  season,  latitude*  and  synoptic  situation.  The  relative  importance  of 
different  levels  in  producing  pressure  changes  varies  geographically. 
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If  a kxu^wlodge  of  tho  perinisRlhle  error  vrere  available,  it  would  bs 
possible  to  outline  the  geographic  limits  where  pure  climatology  would 
provide  answers.  In  the  absence  ct  such  knowledge  It  has 

been  feasible  oidy  to  present  charts  deliiieating  the  error,  or  variability 
for  arbitrarily  selected  ranges  of  pressttre  altitude. 

The  accuracy  of  any  prediction  scheme  is  a function  of  the  diM- 
ctalty  of  the  p«^iction.  This,  in  turn,  is  a function  of  both  the  pressure 
variability  and  the  quantity  of  data  available. 

Early  in  the  study,  attempts  were  made  to  develop  an  empirical 
objective  scheme  for  relating  pressure  altitudes  at  fixed  geographic 
points  with  synoptic  patterns.  Tliese  showed  the  need  for  a sound  phys- 
ical synoptic  approach  and  the  application  of  synoptic  models  rather 
than  straight  empiricism. 

The  forecast  procedures  are  fUncUons  of  the  season,  the  pres- 
sure altitude  required,  geographic  location,  the  availability  of  data,  and 
synoptic  conditions.  With  tha  development  of  an  adequate  climatological 
system  to  provide  answers  for  the  central  range  of  values,  the  impor- 
tance of  recognizing  situations  resulting  in  large  anomalous  values  be- 
comes -paramo^mt.  In  the  absence,  or  partial  absence  of  data,  the  ex- 
tension of  patterns  in  space  or  time  5.8  required.  Fortunately  the  large 
scale  features  of  the  atmospheric  circulation,  which  produce  the  major 
anomalies,  are  seen  meat  clearly  when  a smoothing  technique  in  space 
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or  time  ie  employ«d,  Thwai  !the  techniques  which  have  already  foeen  ex- 
tensively inveatigatedi  by  research  and  operational  groups  involved  in 
long-range  forecasting  are  the  ones  most  applicable  to  this  problem. 

Earlier  progress  reports  on  this  task  stresBed  the  importance 
of  blocking  patterns  in  the  SOO-mb  circulation,  as  have  most  studies  of 
longHrange  forecasting.  Theoretical  models  of  the  atmos|dieric  circu- 
lation contain  a belt  of  westerly  winds  middle  latitudes  undergoing 
a wave  motion.  The  characteristics  and  motions  of  these  waves  in  the 
westerlies  have  been  intensively  studied  in  recent  meteorological  his- 
tory. During  relatively  long  periods  of  time  the  progression  of  the 
wave  pattern  blocked  by  persistent  high  pressure  areas  in  the  upper 
atmosphere.  'JThese  blocking  patterns  are  responsible  for  large  anom- 
aHes  in  pressure-height  over  specific  geographic  areas.  Recognition 
of  a blocking  pattern  is  essential  to  the  success  of  any  pressure '-height 
prediction  scheme. 

Though  long  wa-ves  and  blocking  are  treated  separately  in  Vol- 
ume n,  their  studies  are  intimately  related.  A portion  of  - the  research 
on  this  task  has  been  devoted  to  investigations  of  procedures  for  objec- 
tively locating  and  describing  the  long  waves.  A review  of  long  wave 
analysis,  a description  of  time  averaged  charts,  die  results  of  research 
utilising  space  averaged  charts,  an  analysis  of  blocking  and  xonai  wind 
studies  are  fully  discussed  in  Volume  n. 
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FUgHT  COMFUTATXOWS 


A.  Vertical  AncoBt 

Th9  Viilue  of  the  pireesure  Altitude  or  true  Altitude  at  deeired 
levels  in  the  atmosphere  may  be  computed  by  personnel  within  an  air* 
craft  if  the  values  of  both  actual  and  pressure  altitudes  at  any  level  are 
measnured  and  knowledge  of  the  vertical  atmospheric  temperature  distri- 
bution is  availahl«:i  The  procedure  employed  is  illustrated  by  Examples 
1 and  2 of  NAVAER  50-lCP-BQi,  ”U««  of  ts»©  Pastagram  in  Proaimre- 
heij^t  Computafciorts”.  The  special  case  wherein  the  tempera ^ire  dis- 
tribution is  obtained  by  direct  measwement  l^m  the  aircraft  is  demon- 
strated below. 

<1)  Obtain  s valu^?  for  the  geometric  height  at  the  base  of  the  aacer.L 

This  may  be  sccompiiehed  by  a radio  altimeter  If  over  a locution 
whose  height  is  known*  such  as  open  sea,  inland  isk'-',  plateau  or 
oth«r  flat  terrain  of  known  height. 

(2)  Obtain  a simuitaneouB  value  for  the  pressure  altitude  at  this  point 
from  the  prceisur?*  altimeter. 

The  altimeter  setting  should  be  adjusted  to  28.  92  and  the  pressure 
altitude  read  directly. 

(3)  Bubtract.  the  valtto  the  pressure  altitude  (Zp)  from  the  geometric 
height  (Z)  to  obtain  a value  of  the  "altimeter  correcTion"  (D)  by 
the  equation; 

D * S - Zp 
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<4?  At  ixiter^mjis  durir*0  ir9c«?}^  {f^v^ry  om  Oiowgsgwnd  fiast  of 

pr^miw^  «l?i*s,iwle5  record  V4il3a«&  of  preswurs  sltitude  ssud.  of  fe'es 
«ix  J#.mp«tr»|:ttre  Ct^iermometer  reading  corrected  for  tru®  ©ir 
ape^dK. 

(5}  Plot  these  valuta  on  a PoaiRgram  for  each  level  frosa  the  bai««  to 
the  top  of  the  aiscerit. 

(@)  Covmt  the  munber  of  lO^foot  ikreaa  oontedned  on  the 

between  the  plotted  aouridlng  and  the  standard  atmosphere  line 
trcm  the  base  of  &e  ascent  to  the  desired  level.  Areas  to  the 
right  of  iha  atandi^rd  atanosphere  line  ar-e  counted  as  positive. 
Those  to  the  left  are  negative. 

(?)  Add  algebraically  Ihe  number  of  i0>>f6ot  areas  obtained  in  Step  6 
to  the  value  of  the  altimeter  correction  at  the  base  of  the  ascent 
obtained  in  Step  $«  This  will  yield  the  value  of  the  altimeter  cor- 
rec^n  (D)  ae  the  desired  ieveL 

(8)  Apply  the  equation : 

S *»  SeP  -t-  D 

to  obtoin  tlie  geometric  bcl^t  ^.t  the  pre'Ssure  height  nearest  the 
desired  level. 

(g)  Apply  the  same  equatJ^rs  to  obtain  the  geometric  height  at  tlie  next 
higher*  or  lower*  measured  SJcreBSure  altitude  to  bracket  the  de- 
eiresi  geometric,  height.  (Eeme»5b«s*  to  add  or  subtract  as  appro- 
priate to  the  value  of  D the  number  of  10 -foot  arsar  included  In 
th'la  tbic'ky/©»a  of  the  atmosphrr-c  b^fe^eeri  th«  level  of  Btep  B and 
this  new  level. 

•»  *' 

ilQ)  Fliid  by  icterpclatlon  the  pressure  altitude  at  the  deeired  geomet- 
ric height  from,  tlj®  values  of -geoxsietric  height  CS)  and  pressure 
altilude  obtained  in  Stspa  8 and  8, 


When  the  g^omeiric  height  can  be  measured  directly  with  a radar 
aUimeter  over  a water  or  other  flat  surface*  the  pressure  altitude  may 
be'obtained  directly  from  a pressure  altimeter  set  of  20.  92.  To  obtain 
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a graph  fern©  aj,tli,feude  -m,,  pressure  sJlfclhJde  iaid«fr  th*s«  coadiiioiis  it 
ie  mGteuBmy  only  to  record  rh©  re«^dijig®  of  radar  and  pressure  eltimelsrs 
respeetlToly  during  the  ascent. 

Throu|^  th«  cooperati.on  of  a Heavy  Attack  1‘rairdng  Unit,  opcr- 
ationaJ  teats  of  th«  pr©ce«ilure  were  conducted.  It  w&s  found  that  the 
pressure  altimeters  axid  thermometers  in  all  aircraft  involved  hod  to 
be  calibrated.  Once  this  was  acoomolished  the  res'alta  attained  indicated 


the  feasibility  of  utilising  this  teel»niqae  In  operational  type  aircraft  on 
a routine  basis.  Figure  (6^  il2uati*ates  an  e::sample  of  the  form  of  Paata- 
gram  used  for  thsso  teats  with  a plotted  soundings.  The  data  on  this 
fUl^i  were  obtained  on  18  Octoljer  1SS3  at  0840  in  the  vicinity  of  Cape 
Hatteraa  N,  C.  At  the  8,  QOO  foot  level*  the  height  was  computed  and 
compared  with  the  two  radar  altimeters  ineteJled  in  the  aiz'craft.  The 


re«uHs  were: 


Xsidieated  pressure  altitude 
Fastagram 

ipZ  squats*  each  worth  -?'10  feet> 
altitude 
Eadar  altiineter  # I 
Eader  altimeter  #2 


8,  COO  feet 
•f  330  feet 

9, 330  feet 
6,  S20  feet 
8,  SSa  feet 


of  22  soundings  obtslxied  from  these  aircraft  with 
radiosonde  obijervatlons  showed  that  differeraces  at  the  iO,  000  foot  level 
ranged  from  -120  to  "?-90  feet  while  the  absolute  value  of  the  average 
difference  at  this  level  was  32  feet. 
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Figure  6,  P8u?feagrsi.m  WiUi  Plotted  Sound.teg  Used  for  In-Flight  Computation. 
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Th©  ^e-©aaetrie  htighi  o?  «n  air  cr pit  which  hau  iiowc  $l 

cossi  lin®  or  X«md  of  SmowK  wa&j  compiiSsd  fyora  savi" 

gftttohal  wiisd  Sinc«  it  i@  oft®ii  qiiii®  difficult  to  clatormiiie  acCTiraiolj;' 

tho  hoii^t  of  It  parlicular  latui  boneatii  ao  alrertsiiii^.  a oos^jlpfttation 

of  th«  airof’Sift  height  from  navifaiioiK^  imrmsiistisivsi  will  oftosi  hi<&  required. 
1^0  siioce^sufol  computation  roquiros  & Imowlodge  of  the  geometric  and 
proasuro  altttudois  of  the  aircraft  at  eom«  previou«  eimo,  the  aot  wihd 
drift  ainco  time  and  the  s»t-off!iuro  alUtude  of  the  plexte  at  the  de- 
islrj»d  point. 

Xltilisistif  prossur®  assd  radar  eltimetora  while  over  water# 
or  terrain  of  known  a computation  of  difference  (D)  between 

Sieise  ill  m»d«s  bf  the  eqsaatioa  B « il  « SSp^  where  ^ » true  edUiude  and 
Sp  * pressure  aititud®*  Bfcf®ci  wind  obiaftrvatk?KS  Si?*  fli^t  level  of 
tee-  aircraft,  ,«r«  madee  uaaaJU^  by  ©hsicking  the  navigation.  The  eh,at2ge 
hi  tee  value  of  2>  at  tee  iHght  X«7«l,  which  is  at  a conjutant  pretsaure 
surisco  if  i»  maintained  afe  a cons  tan  ^ reading  of  te6  pressur© 
si'dm^tera  between  the  ob^orv&tiosa  point  end  any  desired  poiiife  to  which 
tlw  plane  travels  Is  computed  from  the  equation  for  the  geoetrophic  wind. 

„ 21.4  iBBX 

d ♦HOiWuCI  M X 

' n Bin  4*  I®  n ip 
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Here*  Vq  ia  th«  icomponent  of  the  wind  in  feota  normal  £o  ths  line  jcsiniiig 
the  two  pointg 

i«  the  ie.titude  of  the  mid  point  of  Shi.®  line 
8 D Is  the  viilue  of  the  change  in  D in  feet  &t  level 
B n is  the  dist&r«ce  in  nmutical  milei?  between  the  tv/o  points. 

Since  the  v&Iue  of  She  change  of  D ia  required,  tiio  equation  Is 
rearranged  and  written  in  terms  of  finite  differences.  It  then  has  the 
form 

A rs  V„  »ia<>  An 
21.4 

Here  the  meanings  and  unite  are  the  eanne  aa  above,  except  that  the 
symbol  B has  been  replaced  by  A*  The  latter  a?juation.  is  solved  for 
A D.  This  change  in  D is  added  algeforsdcally  to  the  earlier  observed 
value  of  D to  obtain  tSia  value  of  D at  tise  desired  point.  Thi»  value  is 
independent  of  forecast  errors  and  of  any  c<jr».stsnt  instrumental  errors 
of  tJie  pressure  ai  time  tor. 

Tlie  geometric  height  (Si)  of  the  aircraft  is  then  obtained 
adding  the  value  of  D to  the  pressure  aiUtude  (Spi  given  die  altimeter. 

* Sp  ■»-  r» 

A celculfttiop.  of  the  precsure  height  or  true  height  any 
below  the  isdr craft  rr.5.y  tt'ien  be  made  by  use  ot  Paistagraix?.,  if  a 
prediction  or  messui’cment  of  the  atmcepheric  structure  is  Jivailable. 
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fo  the  abaenee  of  an  obBsrvation,  either  the  prediction  of  the  afcnjoapheric 
structure  (expressed  as  a sounding  or  the  atmospheric  number  provided 
by  the  forecaster)  or  downward  extrapolation  by  the  coefficients  of  Fig- 
ures <7)  through  (30)  of  CSiapter  W may  be  utilized  to  obtain  the  pres- 
sure altihide  at  a lower  geometric 


The  example  below  illustrates  the  computation  at  flight  level: 

A plane  flying  at  4^  000  feet  by  the  pressure  altimeter  crosses 
a coast  line  toward  land,  llie  radar  altimeter  indicates  the  true  height 
of  the  aircraft  to  be  4«  490  feel.  The  flight  path  carries  the  plane  U 200 
miles  inland.  Wind  drift  checks  reveal  the  average  cross  wind  along 
the  flight  line  to  be  40  knots  from  left  to  right.  Tlie  latitude  of  the 
mid  point  of  the  flight  path  is  43*  N.  The  geometric  height  above  sea 
levei  is  computed  as  follows: 

U)D  at  coast  is  4,490  feet  -4,U00  feet  -^450  feet 


(2)AD«IiL2Hii:Al 

4. 


D « w -1, 667  feet 


“51.4 


(Since  the  wind  was  from  the  left,  ho  is  flying  toward  lower  heights. 
Hence  the  A D is  negative) 

'iTxe  0 at  terminal  point  Is  +490  - 1,667  » -1, 177  feet,  and  the 
geometric  height  above  sea  level  is  found  by: 

Z « Sp  D S » 4, 000  - 1, 1T7  « 2, 823  feet 
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IV,  VSRTICAJL  EXTRAPOLATION 

The  end  product  of  a complete  pressure-height  prediction  is  a 
g;rai^  of  pressure  altitude  versus  true  height  through  the  range  of  heights 
desired.  To  attain  tlriis  result  a complete  prediction  of  the  atmospheric 
structure  is  required.  Under  many  of  the  operational  conditions  visu- 
alized«  such  a complete  prediction  is  highly  improbable.  Reasonable 
approximations^  however^  may  be  made  by  several  alternative  methods, 
A few  which  are  immediately  applicable  are  outlined  below. 

If  a prediction  of  the  helj^t  of  a constant  pressure  surface  is 
made  and  a knowledge  of  the  temperature  distribution  is  available,  ap- 
propriate tables  or  the  Pastagram  may  be  used  to  compute  pressure 
altitudes  at  all  desired  heights.  Under  anticipated  operational  routine, 
a forecast  of  the  height  of  the  SOO-mb  surface  will  be  made,  as  well  as 
a prediction  of  an  atmospheric  number  corresponding  to  the  appropriate 
lapse  condition.  Thi^  provides  an  approximation  of  the  needed  param- 
eters for  construction  of  the  desired  graph  of  pressure  altitude  against 
true  aldtude. 

Sets  of  tables  were  constructed  for  each  of  th©'  riumbs^»<#  kfcmo8- 
pheres  in  use.  With  these  tables  ai^d  a prediction  of  the  500-mb  height. 


CONFIDENTIAL 


CONFIDENTIAI, 


24 


the  metcoroioifist  could  compute  pressure  at  any  desired  height.  Unfor- 
tunately the  numbered  atmoephores  were  replaced  with  a new  set,  thereby 
making  the  tables  obsolete.  The  new  numbered  atmospheres  have  been 
requested,  but  have  not  been  received  at  Project  AROWA.  New  tables 
will  be  computed  for  these  atmospheric  structures  for  inclusion  in  a 
future  rejxjrt. 

In  &e  absence  of  a knowledge  of  the  atmospheric  structure,  a 
reasonable  approximation  of  the  pressure  altitude  at  any  height  may  be 
obtained  by  vertical  extrapolation,  either  up  or  down,  from  any  pressuxe 
envelope  whose  height  is  known  or  predicted. 

The  twenty-four  charts  on  the  following  pages  provide  the  coef- 
ficients for  this  extrapolation.  They  represent  the  normal  rate  of 
change  of  "ly  for  each  thousand  feet  within  each  of  two  layers  of  Use 
atmosphere.  There  are  two  charts  for  each  calendar  month,  llie  first 
provides  the  normal  rate  of  change  of  ’’D”  between  700  mb  and  SCO  mb, 
while  the  second  shows  the  normal  rate  of  change  of  *’D*'  between 
surface  and  700  mb* 

To  use  these  charts,  a iorecact  of  the  500  height  Is  obtained. 

This  is  then  expressed  in  terms  of  D at  800  mb.  The  first  chart  for  the 

appropriate  month  is  entered  at  the  proper  location  and  the  coefficient 

for  vertical  extrapolation  to  700  mb  ofetsdned.  If  the  desired  prediction 

lave!  is  between  700  and  500  mb,  the  “D”  at  the  appropriate  computed 

A 
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directly.  I£  the  desired  level  ia  below  700  mb,  the  at  700  mb  is  i 

i 

computsd  from  the  flr«t  chart  and  the  500  mb  prediction.  Then  th©  \ 

i 

1 

second  chart  la  entered  to  obtain  the  coefficient  for  extrapolation  to  the  j 

4 

i 

desired  level.  This  is  illustrated  by  the  example  at  the  end  of  this  ] 

chapter.  1 

/ 

( 

i 

The  procedure  outlined  here  ia  in  effect  a "slope-intercept"  | 

solution  to  a graphical  problem.  The  intercept  of  the  height  at  the  500»mb  ] 

level  is-  given  by  the  forecast  utilising  the  parameters  discussed  in  vol»  j 

umea  2 and  3;  the  slopes  for  extrapolation  are  given  in  the  24>charta  j 

y 

included  in  this  chapter,  | 

I 

It  is  evident  that  a closer  approximation  may  be  obtained  by  | 

using  direct  interpolation  between  two  points  fixed  on  a line  than  by 
this  slope -intercept  solution.  For  thia  reason,  the  future  work,  de- 

1 

ecribed  in  Volume  3 is  aimed  at  providing  procedures  for  obtaining 
simultaneous  prediction  of  height,  and  thus  "D"  at  both  the  5 00  mb  and  , 

surface  levels,  ; i 

Example  of  Vertical  Extrapolation 

Problem;  Predict  the  pressure  altitude  at  6, 000  feet  over  Gibraltar  on 

July  15.  Aesume  the  500-mb  height  ia  predicted  to  be  19,  500  feet. 

U)  Convert  this  to  ”D"; 

D = B « 

D « 19.500  “ 38,280  « 1,220  feet  | 


' •-■r,' • j- '•■Vf' ' in  ' '* 
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ObUixt  &©  normal  rate  oi  ch&ng&  of  B bstw&en  500  mb*  and 
700  mb: 

Tlti®  is  tha  inverse  of  tlna  extrapolation  figure  given 

for  700  mb  to  500  mb  on  the  chert.  Thus  it  *a  read  as  -85 
feet  per  thousand. 

C3)  Multiply  this  coaf^cient  by  the  number  of  thousand  feet 
(pressure  aldtuda)  of  downward  extrapolation  to  700  mb: 

18, 280  feet  - 9,  880  feet  B.  4 thousands  of  feet 

8.4  X (-65)  « -548 


(4)  Add  this  algebraically  to  the  "D"  at  500  mb  obtained  in 
Step  2. 

1,  220  - 546  » 674  feet  \ 

Thus  Ui3  *'D*^  at  700  mb  is  +674  feet,  i^d  fcli©  700  mb 
surface  is  at  10, 554  feet. 

f 

(5)  Find  die  distance  required  for  extrapolating  from  this  level 
to  the  desired  level  (8,000  feet) 

10, 564  - 6, 000  « 4, 554  feet 

(6)  From  the  second  July  chart  obtain  the  coefficient  for 
extrapolating  from  700  mb  downwaui’d; 

This  will  be  the  inverse  of  upward  extrapolation  figure 
given  on  the  chart,  mid  is  seen  to  be  .-41  feet  per  thousand, 

(7)  Multiply  the  coefficient  by  th©  distance  in  thousands  of  feet, 

-41  X 4.5  « -184,5  feet 

(8)  Add  this  slgebraically  to  the  *’D”  at  700  mb  to  obtain  the 

at  6,000  feet. 

674  - 184  » 480  feet 
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FTOSLi  Uie  equatioB  3Sp  * ^ - D find  the  pressure  altiltid© 
tut  8, 000  feet: 

Sp  * 8f  QCO  " 400 

Z,p  5*  SIO  feet 

Answer:  The  pressure  altitude  at  6, 000  feet  over  CSibralUr  on  July  15th 
when  the  500 -mb  height  is  predicted  to  be  19, 500  feet  is  com> 
puted  to  be  5, 510  feet. 

This  problem  was  worked  on  the  15th  of  a month,  since  the  charts' 
are  directly  applicable  on  that  date.  For  all  other  dates,  linear  inter- 
polation of  the  coefficients  for  the  desired  points  between  the  15th  of  the 
nearest  precedinjjand  following  chart  may  be  made. 

.f 
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Figure  UO).  Upward  ^^rapolaUon  Ccefficlent  TOO  mb  to  bSO  mb,  AprL 
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I NORMA?.  RAT*  OR  CS^AKOS  OR  *6" 
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Fig£ire  (13),  Up’*'ar<*  S.^trapc»iatifjfi  Co^ftkcient  'S'OO  mb  to  600  isib*  Jwi* 
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Fi#«re  (13)^  Ijpwjsa*^  ExtrapoXaiion  Cositieient  ‘/OG  mb  to  500  mb,  JiLly 
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Fimasre  (i4)*  IJpwifi'd  Sfets  apolstfeioa  CsRelUci^nt  700  mb  k>  St  , mbj  August: 
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Figure  <20)«  Upward  BxtriipGl&tior  Coefficient  Surface  to  700  mb*  February 
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Figure  i?A),  Upward  KKix'apolsiten  Coefficisiit  S^irfac®  to  700  mfc-  June 
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Figua*<&  {2B).  Upwitro  Eistrapolafclen  CoeMcienfe  .^rfac©  to  700  mb,  Ajigucst 
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V.  ERKOH  ANALYSES  AND  CLIMATIC  STUDIES 

‘ txi  «ny  meteolrological  forecasting  problem  the  meteorologist  in 
materially  aided  if  he  has  a<7allable  a knowledge  of  the  errors  resulting 
from  various  prediction  schemes.  A sound  knowledge  of  the  fre^ency 
distributions  of  the  parameters  he  la  to  forecast  is  often  fundamental. 
This  Ifl  uiaumy  obtained  from  climatic  studies'  of  various  types. 

A.  Error  Analyses 

Subsequent  to  the  analysis  of  WBAN  analysis  center  prognostic 
errors  reported  fully  in  Ih©  Final  Seport  on  Phaee  I of  the  Pres»i?re- 
Height  Prediction  Project  by  AROWA,  the  Meteorological  Dlviaion  of 
the  Aerophysics  Research  Foundation,  under  contract  to  Project  ABOWA, 
conducted  a further  investigaticn  of  errors  attained  in  various  prediction 
procedures.  Comparisons  were  made  of  the  forecast  accuracies  of:  a 
skilled  forecaster,  sonal  theoretical  forecasts  and  linear  aonal  extrapo- 
lations. It  was  determined  that  forecasts  prepared  by  a skilled  fore- 
c&^ster  oscperienced  in  long-range  hemispheric  forecasting  will  predict 
th‘S  height  of  a constant  pressure  surface  with  greater  accuracy  than  will 
a forecast  prepared  by  use  of  a persistence  technique  or  of  the  one  di- 
mensional numericcil  forecast  scheme.  Additionally,  tests  indicated 
that  an  experienced  forecaster  was  considerably  more  accurate  than 
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Rstlmates  derived  from  linear  sonal  extrapolation  of  isailophyptic 
centers. 

Tliese  Investigatione  swbst'^ntiated  tlie  concluaiofts  reached 

f,..  \ ■ 

Independently  at  ABGWA  that  the  techniqaea  emplpyed  by  forecasters 
experienced  with  long-range  forecasting  techniquea  provided  the  moat 
succegBfhl  forecasts  yet  developed.  Concentration  of  attention  on  these 
techniques  and  their  formalisation  into  a useable  prediction  scheme  was 
indicated. 

a.  Climatic  Studies 

As  Indicated  by  the  schematic  diagram  of  Figure  1 in  Chapter  I, 
a knowledge  of  tlie  climatology  of  the  parameters  to  be  predicted  Is 
basic  to  any  successful  prediction  procedure.  The  required  climatic 
information  may  assume  many  forms  other  than  the  commonly  encoun- 
tered sets  of  statistics  found  in  climatological  summaries. 

In  these  investigations  the  500-mb  surface  has  been  considered 
as  a level  of  primary  interest  because  of  its  physical  characteristics 
relating  to  the  pres  sure -height  parameters  required.  A climatology 

of  the  500-mb  surface  had  never  been  prepared^  largely  because  suf- 

/ 

ficient  data  had  never  before  been  assembled  In  useable  form.  With 
the  aid  of  the  machine  tabulation  eoulpment  at  the  Natlcmal  Weather 
Records  Center  at  Asheville,  N.  C. , a climatology  of  the  500-mb  surface 
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de^elap*5d.  This  feSSiyxiied  th®  form  of  SHsmeroua  f=Rl?yi>Ji:U.ons;  srsirf 
fsc'eqixfsncy  diaibfibalioiis  of  hel^t  tmd  24-hoiir  height  change  dataj  »Isr- 
tinticai  kal4a?0  sad  grj'.ph®!  pfirtaiaisg  to  ft“«?qu0nc7,  iwlensity  a»d 
durfttiou  of  srecogniwahle  triTAipHc  pattertsa  »«ch  ®s  blockjxj^,  kss.^  wa^es, 
etc;  spatial  distrilbutioa  chaarte  for  sever aS  forms  of  freqpiene/  insihul^otions 
of  hhigiit  data;  eectlonel  and  bemlsi^eric  spatial  dia;^a2£i0  and  laMes 
of  inionsCi.  wisdl  speed  data,  aiad  tables  of  classes  ard  limits  derived  from 
feese,  SUmulttmeous  studies  of  &e  syuoptic  cllmato.logy  of  recognisable 
patterns  were  undertaken  at  ABOWA  and  at  the  Aero{±tynics  Research 
Foundatton. 

These  olixnatic  invefitlgationa  prv>vlded  xnuch  of  the  basis  for  the 
material  contained  in  Volume  IX  of  this  report. 

Climatic  information  on  the  distribution  of  SOO-mb  heif^ts  and 
84-faour  changes  for  each  grid  point  on  a 5*  latitude -longitude  diamond 
grid  for  eacii  half  of  all  calendar  nu>ntbs«  as  described  in  Progress 
Report  No.  I - Phase  XI  of  this  project,  was  munmarieed  in  talM]^ 
form.  An  escample  of  the  tabulations  for  the  first  haK  of  Jamaary,  for 
jfee  period  of  available  records,  at  45* N,  160* W Is  shown  irs  <31).  A 
total  of  5, 0^  each  tables  were  prepared.  Tha  material  they  csoaialn 
was  utilised  in  several,  stadies  relating  to  this  taek,  Qiau*ts  were  con- 
©femcted  of  th®  epacs  distribution  of  the  total  range  of  heights  for  each 
half  month,  (averaged  over  7 yearo),  the  space  digitribistion  oi  the  range 
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v-stlug^  inciudiiag  S8%  of  ail  obs5«yv».Uon®.,  ^he  g^ogi‘«phic  dis- 
tribution of  #requ«Ec:y  diagrams  of  hni^t  and  24-iioi?.r  bright  change  and 
the  dietributlon  ot  jspseii’ic  characteristics  of  those  frequency  distribu- 
tions. These  ere  not  all  rsproduced  in  this  report,  as  the  information 
they  contain  ha&  not  been  i^lUy  processed  and  the  Inclusion  of  mich  & 
bulk  of  tabular  material  io  unwarranted. 

For  the  studies  of  large  scale  circulation  features^,  a set  of 
500 -mb  charts  smoothed  by  means  of  time  averaging  over  3 -day  periods 
was  constructed.  This  waip  accomplished  by  having  the  punched  card 
machines  add  tlie  heights  at  each  grid  point  for  five  oucceasive  daya« 
then  drop  Qsie  firet  and  add  a sixth  day,  etc.  The  tabulations  of  bie 
height  sums  were  plotted  and  analys<!«d  at  ABOWA,  resulting  in  a seven 
year  sample  of  consecutive  S-day  mean  500-mb  charts.  A sample  of 
timdl  a chart  Is  shown  in  Figure  <32 ). 

For  the  study  of  500 -mb  height  patterns  related  to  extreme 
anomalies  at  selected  geographic  points,  height  sums  at  all  grid  points 
were  listed  for  the  20  dates  having  the  highest  recorded  heights  and  the 
20  dates  having  the  lowest  recorded  heights  at  each  of  16  selected  grid 
points  over  the  Eurasian  continent.  This  was  accomplished  by  the  tab- 
hliating  m&chinea.  The  values  v/ere  then  plotted  on  charts  and  analysed. 
The  resultant  patterns  are  discussed  in  Volume  m. 
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Figure  (32).  Five-Day  Mean  600-mb  Chart  for  25-29  December  1951 
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To  obtain  information  on  uia  relation  of  the  zonal  west  wind  com> 

ponent  to  large  scale  circulation  anoroalies*  the  heights  at  the  grid  points 

i 

I on  each  latitude  belt  were  summed  by  octants  and  the  hemisphere.  The 

! 

j differences  between  the  sums  for  adjacent  latitude  bands  in  each  octant 

i 

I and  the  hemisphere  were  obtained  by  the  tabiUating  machinee.  From 

these  the  zonal  wind  values  were  computed  in  meters  per  second  for 
each  latitude  band  in  each  octant  and  the  hemisphere  for  individual  days, 
three-day  rolling  means*  and  consecutive  half  monthly  periods.  These 
are  discussed  in  detail  in  Volume  H*  Chapter  V. 

J 

I ISarly  attention  wtus  devoted  to  a study  of  the  synoptic  climatology 

of  blocking  patterns.  Thecc  were  discussed  In  the  first  two  progress 
reports  of  Phase  SE  of  this  task.  A further  diccuaelon  is  contained  in 
Volume  H,  Oiapter  IV  of  this  report. 

The  Aerophysics  Research  Foundation,  as  a part  of  their  con- 
tract work  on  this  project  developed  a climatology  of  trapped  lows, 

I wMch  is  contained  ir  their  report  to  Project  ABOWA.  isrhough  it  is  not 

reproduced  in  full  here,  the  results  of  the  shidy  have  been  incorporated  „ 
in  the  blocking  s^ection  of  Volume  O,  Chapter  IV  of  this  report. 


